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ABSTRACT 
XBAssociates (MBA), under c o n t r a c t  t o  Jet Propulsion 
Labora to r i e s  (JPL) developed a substrate f o r  f l a t  p l a t e  pho tovo l t a i c  
solar  panel arrays us ing  a  glass fiber r e in fo rced  concrete (GRC) mate r i a l .  
The i n s t a l l e d  cost of t h i s  GRC panel  (designed,  developed and f a b r i c a t e d  
by MBA) i s  30% less  than t h e  JPL cost  goa l  of the Near Term Low-Cost F l a t  
P l a t e  Photovol ra ic  S o l a r  Array Program. The 4 '  x 8' pane l  is  fabricated 
from readily available inexpensive m a t e r i a l s ,  weighs a nominal 190 lbs., 
has excep t iona l ly  good strength and d u r a b i l i t y  p r o p e r t i e s  ( r i g i d  and 
r e s i s t s  w e ~ t h e r i n g ) ,  is amenable t o  mass product ion  and is e a s i l y  i n s t a l l e d  
on s i m p l e  mountings. Solar c e l l s  a r e  encapsula ted  i n  e thy lene /v iny l  a c e t a t e  
(EVA) w i t h  Tedlar backing and Korad cover  f i lm.  The l amina tes  are a t tached  
to the GRC substrate w i t h  a c r y l i c  transfer tape  and edge s e a l e d  wi th  
a s i l i c o n e  RTV adhesive. 
1.0 SUMMARY 
1.1 Introduction 
MBAssociatesl (MBA) approach to the use of Glass Fiber 
Reinforced Concrete (GRc) for cost reductions in f l a t  plate photovoltaic 
solar array systems was to employ GRC as both an encapsulation substrate 
and part of the array structure, 
GRC was selected as a possible structural material on the 
basis nf i t s  combined structural rigidity, flexibility of configuration, 
resistance to natural elements and weathering and the availability of 
relatively Tow cost ingredients. The use of th is  material in forming a 
large single piece combined substrate and array structure permits the 
simplification of structural supports and minimizes on-site labor costs 
for the field installation. It also elimfnates the need for relatively 
expensive framing materials that are presently used with glass substrates 
and/or superstrates. 
MBA used Bechtel Corporation's study report (Reference 1-1) 
to select an effective panel size. This study indicated that a 4 ft x 8 ft 
panel would be the least costly (Figure l.1). Thus, this size substrate 
was chosen for the design of a panel using the GRC material. 
GRC is a homogeneously reinforced concrete consisting of 
cement, sand, water and alkali resistant glass fibers (1" - 2" in length) 
as the reinforcing medium. The combination of the concrete's compressive 
strength properties and the glass fiber's flesual, tensile and impact 
strength characteristics produces a material exhibiting synergistically 
improved properties. 
Reference 1-1 Bechtel Corporation, Engineerinp Studv of the $10 
Interface Ear L a r ~ e  Terrestri nl Phntnv 
- - - - - . .- - - - - ---,- , ..,,, . o l t a i c  Arrays, 
ERDA/JPL-No. 954698-77/1, June 1977. 
8' x 16' PANEL 
WELDING 
MODULE SIZE (SQUARE FEET) 
FIGURE 1.1-1 
ESTIMATED PANEL STRUCTURAL COST VS. MODULE SIZE 
In another JPL funded study (Reference 1-2), the material 
2 
costs  for a 15" x 45" substrate were estimated to be S.13 - $,14/fe f o r  
wood products based on the criteria of 11'4'' maximum deflection (at center) 
under a uniform loading of 50 p s f  load. "The wood products s~ibstrate" 
material costs, combined with the steel cos t s  o f  the Bechtel study indicated 
2 
a total  material cost of $1.75/ft f o r  presently used array structures. 
Using preliminary structural design concepts, MBA estimated that the material 
2 
costs f o r  a GRC Substrate could be $.39/ft which would be a cons ide rab le  
cost reduction. These costa are i n  1975 dollars. 
When g l a s s  fibers were f i r s t  used i n  cement, i n  an attempt 
t o  reinforce its strength, the test sanples were i n i t i a l l y  strong but the 
strength diminished as the samples aged because of t h e  highly alkaline 
environment, provided by t h ~  cement, attacked the surfaces of the g lass  
fibers. 
IT 1971 s c i e n t i s t s  i n  England, a t  Pilkington, Bros. Lrd. 
and the RuiL62ag Research Establishment, announced joint development of 
an slkali csr4,ntant glass fiber. In the Unired States Owens Cort~itig also 
deveiopzd ar alkali resistant fiber at approximately the same rime. The 
two firms have worked out a technology exchange and are both continuing 
research on the glass ffbers.  This development has made poss ib le  the glass 
rein£ orced concrete (GRC) . 
Industrial applications of GRC inciudes a roof of a large 
pavilion as early as 1977. Other projects located in the United States 
which have u t i l i z e d  glass fiber reinforced concrete are: 
Project Architect: 
--
South Central Bell Telephone Sverdtup and Parcel 
Charlotte, Tennessee 
University of Tennessee McCartney, Bullock & Bolsapple  
Arts and Architecture Building 
Redstone Arsenal 
Redstone, Alabama 
Warren, Knight & Davis 
Reference 1-2 Cuddihy, Edward, Encapsulation Material Trends Relative 
t o  1986 Cost Goals, Jet  Propul.oion Laboratory Report 
No. 51-1-61, 13 A p r i l  1978, 
Project 
Quaker Oats Warehouse 
St. Joseph, Missouri 
RCA Alaskcorn Office Building 
Anchorage, Alaska 
Calisca Sheraton Hotel 
Anchorage, Alaska 
U. S. Post Office 
Ketchikan, Alaska 
Maryland Education Center 
Hagerstown, Maryland 
South Central Eel1 Telephone 
Birmingham, Alabama 
Nashville, I i ~ u s e  
Nashville, Ts:1nss:4ee 
Ob j ectfves 
Xrchirec t 
--
A. El. Kinney 
M. Troy Jenkins 
CCC/Hellmuth, Obata & Kassabaum 
Grahm Associates 
Nes, Campbell & Associates 
Warren, Knight & Davis 
Hart, Krivatsy & Stubee 
The overall objective is ?o provide proven technology and 
hardware that will be capable of achieving reduct ions  i n  the cost  o f  f l a t  
plate photovoltaic modcles early in the 1979 - 1981 time-frame. 
To achieve the overall objective, the following goals 
were set: 
Determine the characterization of GRC through varying 
ingredients and strength t e s t i n g .  
Select the best GRC fngredient combinarlon and curing 
methods to achieve a material with: 
- Low cost ingredients 
- Good early strength 
- High final strength 
- Workability amenable to mass production 
- Good dimensional stability . 
- Weathering resistance to environmental elements 
- A life expectancy of 20 years or more 
a Design a substrate structure with the fallowing features 
and restraints: 
- Readily mass pro~uced 
- 4 f r .  x eft. in size 
- 4 point  suspended 
- Maximum deflection of 1/4"  under 1 uniform 
load of 50 psf 
- Economical f o r  field assembly and installacion 
a Propose a manufacturing facil.ity to prodnce substrates 
at a 15 megawatt per :rear rate using tech~oiogy that 
would be transferable to industry. 
1.3 Results 
-- 
A GRC ccmbfnation using a send/cement ratio of .66 to 1.0 
with 1%" long alkaline resistance glass fibers (5% by weight) was developed 
and chosen as the best mix to produce a mortar that was cas i ly  sprayed; 
had good slump characteristics; had sufficient early strength that the 
castings could be removed from the molds within 12 - 18 hours; and was one 
of the most economical since it contained a large proportion of sand, an 
inexpensive ingredient. 
The amounts of each i ng red ien t  used  per 100 lbs. of mortar 
were: 1 7  Lbs. of water, 47 l b s .  of Por t land  Type 1 cement, 31 l b s .  S30 
s i l i c a  sand, 5 lb s .  of g l a s s  F iber ,  42 .3  m l  of Pozzo l i t h  300R admixture.  
The 28 day s t r e n g t h  t e s t  r e s u l t s  f o r  l / 4 "  t e s t  plates of this 
GRC combination were: 
(LOP) Limit of p r o p o r t i o n a l i t y  = 730 p s i  
(Mod) Modulus a t  .25" d e f l e c t i o n  = 1537 p s i  
These results were obta ined  from f l e x u r a l  t e s t  procedures  
and formulas as descr ibed  in s e c t i o n  2.2 and cannot be compared with normal  
ASTM t e n s i l e  s t r e n g t h  measurements. 
The s u b s t r a t e  de s ign  s e l e c t e d  had the  fol lowing f e a t u r e s .  
A 1 / 4  inch t h i c k ,  4 Et x R f t ,  glass r e in fo rced  pho tovo l t a i c  array solar 
panel  i nco rpora t ing :  
A smooth, dense, hard, f l a t  su r f ace .  
Two (2)  t r a p e z o i d a l  s t i f f e n i n g  r i b s  s e r v i n g  a l s o  as 
s t r u c t u r a l  support p o i n t s ,  
a S t r a t e g i c  placement of r i b s ,  wi th  imbedded suppor t  
tubes ( s tandard  PVC tub ing ) ,  minimizing bending moments 
and r e s u l t i n g  s t r e s s e s  produced by i n s t a l l a t i o n  and 
wind loads. 
A s t r u c t u r a l  de s ign  amenable t o  mass product ion which  
also minimizes ths l a b o r  requi red  f o r  i n s t a l l a t i o n .  
A fou r  (4)  po in t  support  system requiring only: 
- Four (4) wooden p o s t s  (6" x 6")  p r e s s u r e  treated fir 
each serving two (2)  separate panels .  
- Fcur (4) simple pos t  bracke ts  of (6" x 6") s t anda rd  
square  s t r u c t u r a l  s t e e l  t u b i n g ,  each serv ing  two ( 2 )  
s e p a r a t e  panels .  
- Two (2)  suppor t  bars (s tandard  one (1) i n c h ,  schedule 
40, ga lvanized  pipe) w i t h  KO. 7 r e i n f o r c i n g  s tee l  bars 
inse r ted  in the p i p s  ends as bracke t  connectors  
(4,  20.5" long)  . 
Photographs of a 1/4" scale model are shown i n  F igu re s  1.3-1 
and 1.3-2. A f u l l  size pane l  submitted t o  uniform loading  a t  SO psf  had 
maximum deflections of -10 and .20 inches ,  r e s p e c t i v e l y ,  when t h e  loading  
was appl ied t o  t h e  top (cell surface) and bottom ( r i b  section). 
Manufacturing cost data submit ted t o  JPL's  computerized 
c o s t  program "SAHICS" resulted in a peak watt cost of $6.56 f o r  the 
GRC panel  , in  1980 dollars, Thi s  i s  t h e  complete cos t  o f  a f l a t  plate 
pho tovo l t a i c  panel ready f o r  i n s t a l l a t i o n  inc lud ing  manufacturing c o s t s .  
However, t h e  greatest amount of sav ings  would be realized in i n s t a l l a t i o n  
costs ~ t n c e  t h e  GRC panel  i s  self  suppor t i ng  and does no t  r e q u i r e  expensive 
meta l  framing. D e f i n i t i v e  informat ion  on i n s t a l l a t i o n  c o s t s  o f  other types 
of panels has  not been ob ta ined  b u t  a r e p o r t e d l y  cos t  e f f e c t i v e  metal support 
frame f o r  pho tovo l t a i c  panels w a s  disp layed  a t  JPL's Progress I n t e g r a t i o n  
2 Meeting, December 1979 with a represented  c o s t  of $12.80/m excluding 
t oo l ing  c o s t s .  An MBA estimated cos t  summary for an i n s t a l l e d  panel i n d i c a t e s  
a cos t  30% Selow JPL's  cos t  goal. This  e s t ima ted  c o s t  summary comparison 
does not include c e l l s  o r  encapsu la t ion  labor .  The d e t a i l e d  c o s t  data 
is presented i n  s e c t i o n  7.2.  
i . 4  Conclusions 
It was concluded t h a t  a substrate, as designed and produced 
by MBA, using the GRC i n g r e d i e n t  combination developed would satisfy a l l  
strength and i n s t a l l a t i o n  requirements  and be extremely e f f e c t i v e  i n  
reducing t h e  cost of f l a t  p l a t e  pho tovo l t a i c  a r r a y s .  It was es t imated  t o  
cost  30% l e s s  installed than  JFL's cost  goals, The g r e a t e s t  ccst reduc ing  
impact of t h i s  s u b s t r a t e  design lies i n  t h e  e l imina t ion  of the  meta l  framing 
and i ts  r e l a t e d  i n s t a l l a t i o n  costs. 

2 . 0  GRC CHARACTERIZATION 
2.1 Background 
There is considerable published information on GRC that can 
be obtained from the various references. A list of references are included 
in the appendix. Much of the early investigation, testing and research 
has been performed at Building Research Institute and Pilkington Brothers 
Limited, both in England. The reported physical properties are as presented 
in Table 2.1. 
Since GRC offers the combination of structural rigidity, 
flexibility of.configuration, long term stability and durability when 
exposed to atmospheric conditions, and low material costs; it was considered, 
by MBA, to be the most promising material for the cost reduction of flat 
plate photovoltaic substrates. The use of such material would allow for 
elimination of the glass or other substrates that require rigid support 
framing of relatively more expensive materials such as steel or aluminum. 
GRC is basically a cement and sand mortar with imbedded 
glass fibers. Various combinations of ingredients were tested to develop 
a combination that would best suit the application for photovoltaic solar 
cel l  substrates. The ingredient combination desired was one that could be 
readily sprayed, inexpensive, have good curing qualities which would provide 
sufficient one day strength that it could be removed from the mold, have 
good slumping characteristics so i t . c o u l J  be sprayed on a variety of s u r f a c e  
configurations and have sufficient final strength and durabilfty character- 
istics to withstand the installation handling, wind l o a d s  and long exposure 
to natural elements. 
2 . 2  Test Procedures 
A s i n g l e  variable technique was used to separately identify 
the various effects upon the strength characteristics of GRC by, varying 
the constituents of the mortar used. The test plates were nominally 
12" s 24" and of varying thicknesses from 1/4" to 1/2". A t  least two test 
plates were used for each test point. Plates were fabricated in molds 
TABLE 2.1 
PHYSICAL PROPERTIES 
GLASS FIBER REINFORCED CONCRETE 
Ultimate flexural s t reng th  
Ultimate tensile strength 
Compressi-ve strength 
Impact strength (Chazpy) 
Youngs Modulus 
Density 
Modulus of Rupture 
Thermal Conductivity 
Coefficient of Thermal 
Expansion 
3,000 - 4,500 psi 
1,000 - 1,600 psi 
7,000 - 12,000 psi 
70-140 inch - lbs. / i n  2 
6 6 1.5 x 10 psi - 3 x 10 p s i  
105 ~bs. / £ t . ~  - 130 lbs./ft. 3 
3,000 - 4,600 psi 
2 0 7,O BTU in/ft Br F. 
-6 .O 6x10-~ - 9x10 I F 
made of h igh  dens i ty  overlay plywood. The molds were coated wi th  a 
chemical r e l e a s e  agent t o  a l low removal of t h e  p l a t e  from t h e  mold a f t e r  
cur ing.  P l a t e s  were sp ray  c a s t  i n  approximately 1/8" l a y e r s .  Each layer  
was v i b r a t e d  and r o l l e d  t o  remove t h e  entrapped a ir  aqd i n c r e a s e  t h e  d e n s i t y  
of t h e  GRC. A l l  p l a t e s ,  except  one group, were placed i n  p l a s t i c  bags t o  
cure  until they were t e s t e d .  The p l a t e s  not placed i n  p l a s t i c  bags (group 
3-1) were cured wi th  the use  of a c u r i n g  compound which was sprayed on t h e  
molded GRC. Plastic bags  were used t o  keep the  moisture (needed fo r  
adequate curing) from evapora t ing .  If bagging o r  cu r ing  compounds were 
n o t  used, water would have co be added regularly t o  keep t h e  specimens 
moist. Curing compound seals t h e  s u r f a c e  i n h i b i t i n g  evapora t ion .  
The first group of mixes, with  vary ing  amounts of i n g r e d i e n t s ,  
was tested a t  t he  intervals of cu r ing  of 1, 7,  28 and 56 days.  A 
second group of mixes was r e s t e d  a f t e r  t h e  cu r ing  per iod  of 28 days.  
s 
The test  procedure was designed s o  that t h e  results could 
be used t o  evaluate t he  relative performance of t he  v a r i o u s  GRC composi t ions.  
The procedure was not in tended  t o  produce r e s u l t s  t o  b e  compared with GRC 
p r o p e r t i e s  derived from o t h e r  p h y s i c a l  test  p r o p e r t i e s .  The t e s t i n g  cons i s t ed  
of measuring the  f o r c e  and d e f l e c t i o n  i n  a 4 p o i n t  bending appara tus .  b 
schematic  of t h e  bend rest f i x t u r e  i s  shown i n  F igure  2.2-1. The loading  
was a p p l i e d  a t  a cons t an t  rare, The force and d e f l e c t i o n  were measured 
with a l o a d  c e l l  and a poten t iometer  r e s p e c t i v e l y  and r e s u l t s  p l o t t e d  
s imul taneous ly  wi th  an XY recorder .  
The bending stress was c a l c u l a t e d  a t  the l i m i t  of p r o p o r t i o n a l i t y  
and a t  .25" d e f l e c t i o n .  See F igure  2.2-2 which is  a t y p i c a l  force d e f l e c t i o n  
bending graph as  p l o t t e d  by t h e  XY recorder .  S t r e s s  calculations were 
determined by t he  use of the fo l lowing  formula: 
P = Load app l i ed  (Ibs. ) 
where: Fb = Bending s t r e s s  ( l b s . / s q . i n . )  F~ =' ~ ~ l b d  
L = Support span (inches) 
b = Width ( i nches )  
d = Thickness ( inches)  
LINEAR 
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,025 .050 .075 .I00 .I25 .I 50 ,175 -200 .225 .250 
DEFLECTION - -  INCHES 
FIGURE 2.2-2 
TYPICAL FORCE/DEFLECTION GRAPH 
2 . 3  Test  Equipment 
A 6 ton h y d r a u l i c  p r e s s  w a s  adapted for the s t r e n g t h  t e s t .  
d l i n e a r  potent iometer  was mounted a t  the bend c e n t e r  l i n e  of t h e  t e s t  p l a t e  
t o  measure the  amounz of d e f l e c t i o n  and a load cell a t  tne c e n t e r  of t h e  
bend f i x t u r e  t o  measure the f o r c e  app l i ed .  These were both connected t o  an 
XY recorder  which p l o t t e d  t h e  s t r e s s / s t r a i n  graph. In o rde r  t o  provide adequate 
con t ro l  over t he  r a t h e r  small loads  applied with such a large capac i ty  p r e s s ,  
i t  was necessary  t o  use  a motorized gear  conbina t ion  t o  apply t h e  load t o  
the "inching controlf '  mechanism or' ;he press. T h i s  equipment i s  shown i n  
Figures  2 .3-1  and 2.3-2. 
Test R e s u l t s  of t h e  F i r s t  Group of Ing red ien t  Combinations 
The r e s u l t s  obtained from t e s t i n g  t h e  first group of 
i ng red ien t  combinations are shown i n  the Table 2.4. The values presented 
are t h e  average values, Also included i n  this t a b l e  a r e  the i n g r e d i e n t s  
used i n  each mix and the amount. A l l  combinarions were tes ted  af ter  being 
cured i n  p l a s t i c  bags for the curing time intervals except  t h e  B-1 which 
was cured in open air a f t e r  being sprayed w i t h  a cur ing  compound. The 
I 
bending stress a t  the  l i m i t  of p r o p o r t i o n a l i t y  was higher i n  a l l  cases  f o r  
the  baseline composition of 1/4" i n  t h i ckness  cured i n  plastic bags (B) 
than f o r  t h e  baseline composition cured i n  a i r  w i t h  the cur ing  compound 
(B-1) . 
A special admixture was used i n  all mixes ( P o z z o l i t h  300-R) 
which reduces  water  conten t  and i n  g e n e r a l  improves  workab i l i t y ,  s lump 
c h a r a c t e r i s t i c s ,  strength c h a r a c t e r i s t i c s ,  reduces  pe rmeab i l i t y  and cracking 
tendencies and irnprcves durability. A pamphlet on Pozzo l i t h  300-R is  
included i n  t h e  appendix. 
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The low alkali composition, Type A,  had a bending stress 
1 
a t  the l i m i t  of p r o p o r t i o n a l i t y  lower than the comparable b a s e l i n e  composieion 
a f t e r  one day, bur  greater after the 28 day, and then again lower after  
t h e  56 day curing rime. Thus, the  low alkali composition did not appreciably 
increase t h e  strength after i t  was f u l l y  cured. The bending s t r e s s  at the 
limit of proportionality f o r  the s u l f a t e  r e s i s t a n t  composition, (Mix C ) ,  
was I ~ s s  than the bending stress of the baseline cornposieion, The bending 
stress a t  the .25" deflection for the s u l f a t e  resistant composition f o r  
the one day curing time was slightly greater than the baseline composition 
but somewhat less f o r  the 28 day curing time and again less f o r  the 56 day 
cur ing  time. Thus it did not enhance the overall strength characteristics 
and would have t o  be relatively better than the baseline's composition, in 
long term performance, before it could be considered for use. 
The bending stress results f o r  t he  high 5arly strength 
composition, (Mix D), were not s i g n i f i c a n t 2 y  different from those of the 
baselfne composition; t h e r e f o r e ,  there appears eo be no advantage i n  us ing  
the high strength composition for f a b r i c a t i o n .  
The bending stress r e s u l t s  for the Portland fozzolan cement 
composition, (Mix E) , and the Pozzolan additive composition, (Nix F) , were 
similar to the bending stress results for the b a s e l i ~ e  composition. With 
the p o s s i b l e  long term gain of these two compositions and the possiblitp 
t o  retard t h e  degradation of the glass f i b e r s  may make them desirable 
compositions and thus warranted further t e s t i n g .  
The bending stress for (Mix C) with the  "DAREX1' additive, 
air e n t r a i n e d ,  (Mix G) was lower than the b a s e l i n e  composi~ion i n  all 
cases, A pamphlet on "DPLRLY is included in the appendix. 
Plasticized composition's bending strGss, (Mix H), was not 
significantly d i f f e r e n t  than the base l ine  composition. The use  of a 
plasticized composition does not appear to be  warranted in product ion  as 
it is more difficult to use .  
2.5 Test Results of Second Group of Ingredient Combinations 
In an attempt to improve upon the strength and workability 
characteristics of the GRC and to re-verify some of the results obtained 
during the first tests, six different combinations were tested, along with 
the original baseline composition as a comparison. These compositions and 
their results are shown in Table 2.5, 
The .50/1.00 sand/pozzolan cement (?fix S), performed 
comparably tothe baseline composition strength wise; however, the composition 
exhibited stickiness. This resulted in an increase in the time required 
for spray casting and compaction. 
The .66/1.00 sand/pozzolan cement (Mix L), produced bending 
stresses also less than the baseline composition. In addition, it had 
excessive stickiness which made it unsuitable for spray casting. 
The .50/1.00 sand/cement: (Mix H), performed comparably to 
the baseline composition in all strength tests and exhibited the same or 
comparable spray casting and compaction properties. 
The ,66/1.00 sandlcement (Mix N), was greater than the 
baseline composition in bending stress characteristics while the spray 
casting and compaction characteristics were very comparable t o  the base- 
line composition. 
The 1.0/l.O sand/cement (Mix P), composition's strength 
performance was greater than the baseline composition's strength performance; 
however, the hibh sand corltent produced a harsh mixture. This harshness 
resulted in spray casting and compaction characteristics which were less 
satisfactory than the baseline compositions. 
Thus the .G6/1.00 sand/cement ratio composition, $fix N), 
exhibited superior strength and workability chara:teristics over those of 
the other compositions. It also is less costly since it contains mort of 
the cheaper ingrr:.lient, sand. The increased sand content: also reduces 
shrinkage. Thus, this composition, (Mix N), was selected for use in the 
Eabrication of the flat plate photovoltaic substrates because of its 
demonstrated suitability for spray casting and its superior strength, 
economical and stability characteristics. 
'PARLI: 2.5-1 
AVEIWGE BENDING STRENGTH VALUES 
SECOND CROUP OF MIXES 
MIX 
P 
748 
704 
1120 ( l b s )  
Cement Portland (lbs) 
Sa~id 130 (lbs) 
28 Day Tests 
1/4" 
LOP (psi) 3/8" 
MOD ( p s i )  114" 
@ 3/8" 
.25 112" 
MIX 
N 
730 
7 27 
M I X  
3-2 
64 2 
548 
MIX 
L 
569 
477 
2 4 
68 
Type I 
MIX 
M 
660 
345 
1291 
1329 
1?64 
3 2 
32 
Type I1 
59 54 75 
22 
-.A- ----. 
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- -- ------ 
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69 1 
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Sand/Cemrnt 
---- -- 
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MIX 
K 
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2 2 
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30 
38 
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I 
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60 
Type I 
1164 
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5 0 
Type I 
1489 
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1505 
1537 
1415 
1587 
1428 
1550 
1634 
3.0 SUBSTRATE DESIGN 
3.1 Or ig ina l  Concepts 
Or ig ina l  concepts  f o r  this s u b s t r a t e  panel were based on 
the published phys i ca l  p r o p e r t i e s  of GRC, a very small a l lowable  d e f l e c t i o n ,  
and extreme corner  suppor t  po in t s .  The o r i g i n a l  concept is  shown i n  F igures  
3.1-1, 3.1-2 and 3.1-3. By changing t h e  design to p o s i t i o n  the  suppor t  
po in t s  at positions i n s i d e  t h e  edges of the pane l ,  an in t e rmed ia t e  design 
was conceived. This concept  is  shown i n  Figures  3.1-4 and 3.1-5. These 
new p o s i t i o n s  reduced the stress moments on the  panel. 
3.2 Structural Test ing  
Severa l  s t r u c t u r a l  design concepts  were then s p r a y e d  c a s t  
arid s t r e n g t h  t e s t e d  t o  determine t h e i r  ease of manufacture and s t r e n g t h  
c h a r a c t e r i s t i c s .  Some of these t e s t  specimens are shown i n  F igure  3.2-1. 
The f i r s t  t h r e e  specimens c a s t  and t e s t e d  were a l o n g i t u d i n a l  
s ec t ion  and a cross section of t he  panel. These are shown i n  F igures  3 .2 -2 ,  
3.2-3 and 3 . 2 - 4 .  Cardboard forms were used t o  form the r i b  s t r u c t u r e ;  
however, t h e s e  were found d i f f i c u l t  t o  use and maintain c o n t r o l  of t h e  thick-  
ness of t h e  va r ious  s e c t i o n s .  GRC forms were then  used' for t h e  va r ious  
s t r u c t u r e s  and found t o  be  a great improvement. 
Some t u b u l a r  r i b  s t r u c t u r e s  were spray  c a s t  bu t  were found 
t o  be  difficult t o  compact t o  ob ta in  t h e  necessary  d e n s i t y  and uniformity.  
Two are shown i n  F igure  3.2-5. It i s  be l ieved  t h a t  forms needed t o  manufacture 
tl-i.s :I-7e of s t r u c t u r e  under automated conditions would be complicated 
and expensive. The compaction at t he  bottom of  the  tubu la r  s t r u c t u r e  would 
a l s o  be difficult t o  obtain without  a complicated f i x t u r e .  
FIGURE 3.1-1 
PRELIMINARY BASELINE SUBSTRATE DESIGN 
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MODULAR SUPPORT CONCEPT (Sheet 2 of 2) 
FlGURE 3.14 
A POSSIBLE FIELD ARRAY CONCEPT INDICATING POSTS AND BRACKETS 
FIGURE 3.1-5 
A POSSIBLE 4' X 8' GRC PANEL WITH FOUR 2' X 4' FLAT PLATE PHOTOVOLTA1C 
~- ~ - -  
MODULES EACH WITH 66 FOUR-INCH DIAMETER CELLS. THIS PANELTO BE FOUR 
POINT SUPPORTED ON BRACKETS IMBEDDED I N  REINFORCED CONCRETE POSTS. 



The f i n a l  s t ruc tu ra l .  des ign  evolved from a four  rib 
( t r a p e z o i d a l  shape) t o  a t h r e e  r i b ,  a l l  w i t h  GRC t i e  support  p l a t e s  
and then t o  a  final two r i b  with a pipe-tube,  r ie-oar  s u p p a r t .  Yhese 
a r e  shown i n  Figures  3.2-6 ,  3 .2-7 ,  3.2-8 and 3 . 2 4 .  Bend t e s t s  on those 
s t r u c t u r e s  shown i n  F igures  3.2-6, 3.2-7 and 3.2-8 revea led  t h a t  t h e  GRC 
connections were no t  s t r o n g  enough t o  wi ths tand t h e  des ign  forces. Also 
p u l l  t e s t s  on these  s t r u c t u r e s  proved t h a t  t h e  section j o i n t s  were weak 
areas i n  t h i s  design.  A f u l l  l e n g t h  l o n g i t u d i n a l  rib s e c t i o n  was t e s t e d  
under uniform loading (Figure  3.2-10) and found t o  have more than adequate 
s t r e n g t h .  
The p i p e  t i e - b a r  suppor t  concept was designed t o  eliminate 
t h e  need f o r  h igher  s t r e n g t h  bonding between s e c t i o n  of GRC. This 
i s  shown i n  F igure  3.2-9. The concen t ra ted  load  bending t e s t  proved t h a t  
it was s t r o n g  enough t o  go ahead w i t h  a f u l l  s i z e  p l a t e  s t r u c t u r e  of 
t h i s  des ign .  The d a t a  c o l l e c t e d  f r o m  t h e s e  t e s t s  are presen ted  i n  Tables  
3.2-1, 3.2-2 and 3.2-3.  Photographs of the hand spray ing  method and a f u l l  
s i z e  pane l  sprayed. with t h i s  method a r e  shown i n  Figures 3.2-11 and 3.2-12. 
The pane l  was found t o  be of v a r i a b l e  " th ickness  and a decis ion was made 
t o  mechanize the  sp ray ing  opera t ion  before f a b r i c a t i n g  more ftll: size pane l s .  
3 . 3  Selec ted  S u b s t r a t e  Design 
The f i n a l  s u b s t r a t e  des ign s e l e c t e d  f o r  proZuction is shown 
i n  the p a n e l  s u b s t r a t e  drawing, #115729, Figure  3.3-1. 
The n o v e l t y  f e a t u r e s  of t h i s  des ign  a r e :  
A 1/4" thick 4 E t  x 8 f t  pane l :  w i t h  a  smooth, ha rd ,  
dense ,  f l a t  s u r f a c e  t h a t  is weather r e s i s t a n t  and long 
l a s t i n g .  
a Contains  two t r a p e z o i d a l  s t i f f e n i n g  r i b s  s e r v i n g  
also as structural support p c i n t s .  
a Ribs s t r a t e g i c a l l y  placed and ixbedded w i t h  s u p p o ~ t  
Lubes (s tandard PVC tub ing)  minimizing bending moments 
and r e s u l t i n g  stresses produced by i n s t a l l a t i o n  and wind 
loads .  



F lCU WE 3.2-1 1 
GRC HANO SPRAYING OPERATIQN 
FIGURE 3.2-12 
FIRST FULL SIZE GRC SOLAR ARRAY PANEL 
34 
TABLE 3.2-1 
CONCENTRATED LOADING RIB STRUCTURE 
Form 
-
Figure 
Trapezoidal S e c t i o n  3.2-3 
(Cardboard Form) 
Trapezoidal Section (not shown) 
(GRC Form) 
Triangular Cross Section (not shown) 
4 Tube Structure 3.2-5 
2 Tube Structure 3.2-5 
4 Rib Cross Sect ion 3.2-6 
( G X  T i e  Plate) 
3 Rib Cross Section 3.2-7 
(GRC T i e  P l a t e )  
2 Rib Cross Sect ion 3.2-8 
(GRC T i e  P l a t e )  
Load (Ibs) 
1750 
Deflection { inches )  
.I10 
Form 
-
4 Rib Cross Section 
3 Rib Cross Section 
(Thick Sections) 
3 Rib Cross Section 
(Normal Thickness) 
2 Rib Cross Section 
(Normal Thickness) 
TABLE 3.2-2 
TENSION OR PULL TESTS 
(GRC TIE P U T E S )  
Figure 
3.2-6 
3.2-7  
Load (lbs) (To Failure) 
250 
200 
TABLE 3.2-3 
Form 
-
4 Rib Cross Section 
(GRC T i e  Plate) 
3 Rib Cross Section 
(GRC Tie Flate) 
2 Rib Cross Section 
(GKC Tie Plate) 
8 ft. Rib Structure 
2 Rib Cross Section 
3" P i p e  Tie Bar 
UNIFORM WATER LOADING 
Figure Load (lbs/sq.ft.) Deflection (inches) 
FIGURE 3.3-1 
A s t r u c t u r a l  design amenable t o  mass produc t ion  which 
also minimizes t h e  l a b o r  requ i red  fo r  installation. 
A 4 p o i n t  s u p p o r t  system requiring only: 
- 4 wooden p o s t s ,  each serving two separate pane l s .  
- 4 s i m p l e  p o s t  brackets, each serving two separate 
panels.  
- 2 support bars of s t a n d a r d  1" schedule 40 galvanized 
pipe with four  ( 4 )  No. 7 re inforc ing  s teel  bars, 20.5" 
l e n g ,  inserted in the pipe ends as bracket connectors. 
I t  i s  believed t h a t  this o v e r a l l  design i s  a novel approach 
t o  reduce t h e  cost of substrates f o r  s o l a r  a r ray  panels and could be 
considered as new technology. It was presen ted  as such. 
Drawings of the p o s t  brackets, drawing numbers 115730 and 
115731 are shown i n  Figures 3.3-2 and 3.3-3 r e s p e c t i v e l y .  
FIGURE 3.3-2 

3 . $ Stress Analysis 
In t h e  o r i g l n a l  concept a 15" x 45" panel  was chosen as  a 
baseline design, i n  Reference 1-1, with deflection under the 50 p s f  load 
limited t~ 1 / 4 " .  Calculations were made using the publ i shed  GRC physical 
properties. The equations used describing deflections under uniform 
load ing  f o r  edge supported rectangular  f l a t  panels (Reference 3-1)* are: 
J = maximum stress (at the center) 
y = def lect ion a t  the center 
- aqb4 in. 
E t2 
where : q = uniform loading, p s i  
r = thickness, inches 
E = modulus of elasticity, psi 
b = width 
a = length 
and B and a are constants dependent on t h e  r a t io  a / b .  
*Reference 3-1 Roark, R. J., e t  al, Formulas for Stress and S t r a i n ,  
4 t h  Edition, McGraw H i l l ,  1975. 
Following the data of Reference 1-2 thru t h ' i s  ana lys i s  
for a promising wood product material, for  example, chipboard, for which 
t = 0.266 
5 E = 3 . 7 5 '  10 psi 
a/b = 3 
13 = 0.7134 
a = .I355 
y i e l d s  : a = 788 p s i  
y = 0.25 inches as expected 
u = Strain = 788 = 0.00210 
3 .75  lo5 
Then considering a similar panel of GRC configured t o  meet 
the 1/4" def lect ion c r i t e r i o n .  For t h i s  case: 
r = 0.184" 
6 E = 1.5' 10 p s i  
a = 1647 psi 
With this low stress level for GRC i t  was selected t o  
be the material for the substrate panel design.  Additional s t r e s s  
calculations were made on the various conceptional designs and for 
handling and operational stresses. These ca lcu la t ions  are 
included in  the appendix. The r e s u l t s  indicated the design and material 
to be  w e l l  within the load requirements. The results are sumarized as 
fol lows:  
SUBSTRATE ANALYSIS 
3 / 8'' 
Dead Load = 6.8 lbs./~t 2
Wind Load = 50.0 lbs./Ft 2 
LONGITUDINAL SECTION PROPERTIES 
I = 10.4 in 4 
C = 1.3 i n f r o r n f a c e  
A =. 7 . 5 ~  in 2 
TRANSVERSE SECTION PROPERTIES 
C = 1.5 in from face 
LONGITUDINAL HANDLING STRESS (12 Hrs. - 16 Hrs.) 
'max 
= 16 ft. lbs. 
bImax = 10 fr. lbs. 
F 
v 
= V/A = 16/7,55 
= 2.12 psi shear 
Fbl. 3 = Mc/I = 10 x 12 x 1.3/10,4 
= 15 psi bending 
Fbl. 7 = Mc/I = 10 x 12 x 1.7/10,4 
= 19.6 psi bending 
T U X V E R S E  M D L I N G  STRESS (12 Hrs. - 16 Hrs.) 
'mas 
= 28 lbs. 
M 
max 
= 14 fr. lbs. 
= 6.22 psi shear 
Fb = Mc/i = 14 x 12 x 1.5/7.80 
= 32.2 psi bending 
SUPFORT HANDLING STRESS (12 Hrs, - 16 Hrs.) 
GRC T i e  Bar Systeni Pipe Support System 
Fv = VIA = 56/2.25 F V = 56/3/8 x 2 x 1.25 
= 24.9 psi shear = 59.7 
LONGITUDINAL OPERATIONAL STRESS 
v 
max 
= 135 l b s .  
'max 
= 130 ft. lbs. 
Fb 1.3 = Mc/I = 30 x 12 x 1.3/10.4 = 120 psi 
Fb 1.7 = Mc/I = 3 0 x 1 2  x l . 7 / 1 0 . 4  = 157 psi 
LONGITUDINAL RADIUS OF CURVATURE 
TRXlUSVERSE OPERATIONAL STRESS 
V = 228 l b s .  
max 
%ax = 114 Et. Ibs. 
F 
v 
= VIA = 228 /4 .5  
= 50.7 psi shear 
Fb = Mc/I = 114 x 12 x 1.5/7.8 
= 263 p s i  bending 
SUPPORT OPERATIONAL STRESS 
F 
v 
= V/A 456/2.25 
= 202.7 psi shear 
SUPPORT OPERATIONAL STRESS 
GRC Tie Bar System P i p e  Suppor t  System 
Fv = V/A 4 5 6 / 2 . 2 5  Fv = 4 5 6 / 3 / 8  x 2 x 1.25 
= 202.7 p s i  s h ~ a r  = 486.4 p s i  
Both the  ha.ndling and o p e r a t i o n a l  stresses are  well w i t h i n  
t h e  allowable elast ic  l i m i t s  of GRC with a minimun safety factor of 3-4 
(based upon e s t i m a t e d  20 yr .  properties). 
Since the GRC characterization substantiated the assumed 
GRC p r o p e r t i e s ,  the section thickn'ess was reduced to 0.25 i n  and still 
prov ided  a safety f a c t o r  of 2-3, 
SUBSTRATE ANALYSIS 
1 /4"  
LOADING DEAD = 4 . 4 3  IlIND = 50 l b s / f r 2  
LONGTTUDINAIL, SECTION PROPERTIES 
4 I = 7 . 5 6 i n .  C = l . 3 i n - c o m p  C = 1 . 7 i n - t e n  A = 4 , 9 1 i n  2 
TRANSVERSE SECTION PROPERTIES 
I = 5.69 in 4 C =  1.5 in A = 3 i n  2 
LONG ITUDf NAL W L I N G  STRESS 
'max 
= 11 lbs M = 7 fr-lbs.  
max 
Fv = 2 . 2 4  psi shear P b 1 , 3 7  19.2 Fb 1.7 = 25.1 
TRANSVERSE HANDLING STRESS 
'max 
= 18 l b s  Mmax = 9 f t - l b s .  
Fv = 6.0 p s i  shear Fb = 28.47 psi 
AT SUPPORTS 
GRC Tie Bar System P i p e  Support System 
F = 3 5 . 4 / 1 . 5  = 23.6 psi Fv = 3 5 . 4 / . 6 2 5  = 56.6 psi 
v 
LONGITUDINAL OPERATIONAL STRESS 
Vmm = 127 Ibs. Mmax = 76 f r - l b s  
Fv = 25.87 p s i  Fb 1 . 3  = 156.83 psi Fb 1.7 = 205.10 p s i  
TRANSVERSE OPERATIONAL STRESS 
'max 
= 218 l b s  Mmax = 3.09 f t - l b s  
Fv = 72-67 p s i  Fb = 344 .32  psi 
AT SZiPPORTS 
GRC T i e  Bar System 
F = 145.33 psi 
v 
Pipe Suppcrr System 
Fv = 348.80  psi 
Fabr i ca t ion  of Subs t r a t e  Panels 
I n  f a b r i c a t i n g  the s u b s t r a t e  pane l s ,  a spray  machine 
was used which c o n s i s t s  c , f  a concre te  mixer, v i b r a t i n g  hopper ,  conc re t e  
o r  s l u r r y  pump and a spray  gun which a l so  chops the g lass  f i b e r .  These 
are shown i n  F igures  3.5-1 and 3.5-2. F igure  3 . 5 - 3  i s  a schematic of the 
g l a s s  chopper and spray gun. The gun chops the  f i b e r  i n t o  des i r ed  l e n g t h s  
from a g l a s s  f i b e r  roving. The roving  i s  a  twis ted  mul t i - s t rand  cont inuous 
f i lament  glass  f iber .  The glass composition is  an a l k a l i  r e s i s t a n t  type .  
The concen t r i c  spray  gun c o n s i s t s  mainly of t h r e e  p a r t s .  
The inne r  s e c t i ~ n  i s  t h e  main tube and chopped fiber glass i n l e t  tube.  
A i r  is suppl ied  t o  t h e  main tube c r e a t i n g  a v e n t u r i  ac t ion t h a t  p u l l s  i n  
the chopped fibers and blows i t  i n t o  t h e  s l u r r y ,  The slurry i s  pumped 
through an annulus surrounding the main tube.  A cap w i t h  s e r r a t i o n s  covers 
t h e  annulus and he lps  b reak  up t h e  s l u r r y  which is  atomized wi th  air .  The 
glass chopper c o n s i s t s  of a rotating wheel w i th  b lades  t h a t  c o n t a c t s  a g a i n s t  
a backing roller which p u l l s  t h e  glass rov ing  i n t o  t h e  gun as i t  c u t s  t h e  
fibers. The c u t t i n g  blades a r e  spaced t o  o b t a i n  the  d e s i r e d  l eng th  f i b e r s .  
The f L r s r  exper imenta l  pane l  was sprayed by hand but  was 
found t o  be non-uniform in th ickness .  It w a s  then decided t o  mechanize 
the spray gun i n  order t o  achieve b e t t e r  uniformity.  
The mechanization consisted of mounting t h e  spray  gun on a 
c a r r i e r  attached t o  a tram r a i l  s t r u c t u r e ,  The movements o f  the  spray head 
were c o n t r o l l e d  h o r i z o n t a l l y  i n  both l o n g i t u d i n a l  and t r a n s v e r s e  d i r e c t i o n s  
by variable speed motors ope ra t ing  cab le  and be1.t d r i v e s  sequenced by l i t n i t  
switches. (See Figure 3.5-4). The product ion  sequence used was t o  s p r a y  
the flat s h e e t  i jor t ion of  the panel w i t h  two 1/8" i a y e r s  of GRC, with each 
l a y e r  rolled and v i b r a t e d  t o  produce the  fiber compaction and d e n s i t y  
des i r ed .  This opera t ion  i s  shown i n  Figure 3 , 5 - > .  2 i b  forms were made 
of GRC t h e  day before and are shown i n  Fig7:r~ - " - 5, 'Zhese were p laced  on 
the f r e s h l y  sprayed flat sheet por t io i t  02 \:qr= :?%re ~ ~ c z l g  with  t h e i r  
imbedded PVC tubes and sprayed w i t h  two 1i.j ,aJdu; u f  ' X C ,  each layer 
r o l l e d  t o  o b t a i n  the compaction d e s i r e d .  (See Figure  3 . 5 - 7 ) .  


AIR 
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FIGURE 3.5-3 
GRC SPRAY GUN SCHEMATIC 


F i f t e e n  f u l l  s i z e  pane ls  were f a b r i c a t e d  and 1 2  shipped 
t o  JPL f o r  f u r t h e r  t e s t i n g .  One was t e s t e d  a t  MBA under uniform loading 
using water as the load medium. This  was accomplished by u s i n g  a  frame 
l ined  w i t h  f l e x i b l e  p l a s t i c  shee t ing  t o  con ta in  the  w a t e r .  The load appl ied  
was 50 p s f .  T h e  pane l  was supported a t  t h e  designated suppor t  points us ing  
s p e c i f i e d  support  hardware, except  f o r  t h e  posts and b r a c k e t s .  (See Figure 
3.5-8, which is  a photograph of t h e  papel under t e s t ) ,  
The maximum deflection occurred wi th  t h e  load a p p l i e d  t o  
t h e  bottom o r  r i b  side and amounted t o  .51 inches  inc lud ing  the deflection 
a t t r i b u t e d  t o  the  mounting segments which amounted t o  .32".  The d e f l e c t i o n  
was .19" when loading the c e l l  on t h e  top  side i nc lud ing  t h e  . L O t t  a t t r i b u t e d  
t o  the  mounting segments. Thus t h e  approximate d e f l e c t i o n  o r  bending of 
t he  GRC panel  under a  50 p s i  uniform load  was .20 and -10 i nches ,  bottom 
loading and top loading r e s p e c t i v e l y ,  which a r e  we l l  w i t h i n  des ign  expec- 
t a t i o n s .  I n  a d d i t i o n ,  the loading  i n  each  case  was i nc reased  t o  an over- 
load of SO%, the l i m i t  of t h e  f i x t u r e  used,  and no f a i l u r e s  of any kind 
were observed. 
F i e ld  I n s t a l l a t i o n  
Of  the s e v e r a l  mounting and i n s t a l l a c i o n  concepts  considered,  
t he  most c o s t  effective t h a t  m e t  the design c r i t e r i a  was s e l e c t e d .  The 
m a t e r i a l  required and t h e  procedure recommended f o r  i n s t a l l a t i o n  a r e  a s  
f ol laws : 
Mate r i a l s  Required: 
Q u a n t i t i e s  For 
S ing le  Addi t iona l  
Pane 1 Panel 
6" x 6" Pressured Trea ted  F i r  P o s t s  8' -10' dong* 2 I 
Brackets - Upper 2 1 
t t 
- Lower 2 1 
- 
ft Lengths determined by s o i l  cond i t i ons  and pos t  embedment t o  resist 
over turn ing  moment of 1200 f t - l b s .  

t ialerials Required : (cont inued)  
Bolts - 1/2" x 7" with Nuts & Washers 
quan t i t i e s  For 
S i n g l e  Addi t iona l  
Pane 1 Panel  
4 2 
Support Pipes 1" Schedule 40 water Pipe 40" long 2 2 
Support Pins 07 Reinforcing Bar 20.5" long 4 4 
Procedure For Installation: 
-+ "- 
e Attach lower brackets t o  f r o n t  (shore) posts. 
e Embed a l l  f o u r  (4 )  p o s t s  as per diagram i ~ i g u r e  3.6-1). 
Attach upper brackets to rear posts in a ' p o s i t i o n  t o  
produce the desired angle ~f inc l ina t ion .  
a I n s e r t  suppor t  pipes i n  PVC encevement tubes .  
e Insert support pins in suppor t  p ipes .  
Suspend panel ver:ically, fyom upper support pipe, 
a l ign ing  lower suppor t  p i n s  w i t h  lower bracket holes. 
(Figure 3.6-2) . 
Move pins into the bracket holes. 
a Slacken pzuel suspension to allow panel t o  pivot on 
lotror support pins lowering panel  t o  align upper support 
p i ~ ~ s  with upper bracket slots. (Figure 3 . 6 - 3 ) .  
a Move uF?ey suppor t  pins into bracket s l o t s .  (Figure 3.6-4). 
PRECEDING PAGE I3LAI\TK NOT FILMED 
FIGURE 3.6-2 
SUPPORT PIN IN POSITION 
BOTTOMBRACKET 
F!GURE 3.6-3 
CONNECTION SEQUENCE 
FIGURE 3.6-4 
PIN SECURED IN POSlTlON 
TOP BRACKET 
4 .0  ENCAPSULATION 
Experimental investigations were made in order eo determine 
the possibility of encapsulating the  photovoltaic cells directly to the 
glass reinforced concrete. Preliminary results indicated it would not be 
feasible t o  encapsulate directly t o  the GRC. 
Encapsulating with EVA required a vacuum chamber in order 
to remove all air from the pottant. Applying a vacuum to the top surface 
of the GRC plate could not be done with reasonable success with avsilable 
equipment, and he ld ,  during the heat *:ycle. ALsc, it was not practical to 
consider the possibility of using a vacuum chamber of sufficient size t o  
contain the f u l l  4' x 8 '  substrate panel. Thus, it was decided to 
encapsulate 1' x 4' laminates and attach the laminates to tke substrate 
with an adhesive. 
The laminates were composed as follows: 
Tedlar/ cloth scrim/white  glass scrim/cells/clear EVA/ 
Korad cover film. 
The encapsulation cycle used was to apply a 27-inch mercury 
0 
vacuum for 30 minutes: heat to 150 F for 30 minutes; heat rapidly co  
0 300 F;  a l low t o  cool  normally under vacuum f o r  20 minutes; release vacuum 
and cool with fan 10 minutes; removr from vacuum chamber; a total o f  one 
and one-half hours vacuum heat cycle. 
The vacuum chamber and heat lamps used f o r  the encapsulation 
are shown in Figures 4.0-1 and 4.0-2. 
The laminates were attached to the GRC S u b s t r a t e  w i t h  an 
acrylic transfer tape and edge sealed with an BTV adhesive. 

5 .0  ATTACHING LAMINATES TO GRC PANEL 
5. i Adhesive Tests 
Several t e s t s  were made w i t h  d i f f e r e n t  adhesives to derer -  
mino t h e  b e s t  one t o  use to a t t a c h  the laminates t o  the GRC p a n e l  structure. 
They were as follows: 
a Dow Chemical c l e a r  s e a l a n t  "Sylgard" #184 s i l i c o n e  
(1 National Adhesive1 s "Plymaster" 1/87-1059 acrylic 
t r a n s f e r  t a p e  
G?, Sil icone #534-0446 
a GE RTV #I57 
GE Silpruf SCS 2020 
3M - 1M8R Seven Minute Epoxy 
I 
c 3M - 34B9R Ninety Minui . xy 
a 3M "ISOTAC #Y-9473" Px-ssure Sensitive Tape 
Test  samples were made of  t h e s e  materials on CRC samples 
and submitted to heat c y c l i n g  tests. A l l  f a i l e d  the t e s t s  except the 
GE Silicone 534-044A, t h e  3M-lM8R Seven N i n u t e  Epoxy and t h e  National 
Adhesive's "Flymaster" 87-1059. 
Based on these results and t h e  method of  a p p l i c a t i o n ,  o r  
rase of app l i ca t ion ,  a decision was made t o  u s e  the  Sa t iona l  Adhesive's 
"Plymaster t t  t o  a t t a c h  the l a m i n a t e s  to t h e  GRC panel. An sdge sea lan t  
of GE 157 RTV was a p p l i e d  t o  all edges of each l a m i n a t e .  
A photograph of a completed panel is  shown in Figure 5.1-1. 

6.0 HI-POT TESTS 
It was r e p o r t e d  t h a t  some concern was b e i n g  expressed 
regarding the conduct iv i ty  p r o p e r t i e s  of t h e  GRC material an6 t h a t  H i - P o t  
t e s t s  should be conducted i n  o r d e r  t o  determine t h e  p rope r  laminat ion 
t o  use  t o  minimize any current leakage t h a t  might be found. 
Severa l  Hi-Pot  t e s t  samples were made using various 
laminat ions.  Some were encapsulated directly t o  t h e  GRC. I n  t h e  first 
t e s t ,  only three passed t he  JPL requirement of 50 micro amp leakage at 
3KV. One of these had been encapsulated d i r e c t l y  to  GRC. The other two 
were both encapsulated as  l amina tes  and attached t o  the GRC with the acrylic 
transfer tape. One wi th  no backing exh ib i t ed  45 micro a-.p leakage and 
the o t h e r  w i th  a Tedlar backing e x h i b i t e d  ze ro  micro ac? ~e Ige. All 
samples were thermo cycled.  After thermo cyc l ing  f o r  50 c y c l e s ,  a l l  
exhibited less micro amp leakage except f o r  t h e  one w i t h  t h e  Tedlar  bac.king 
and transfer tape adhesive which Sad zero leakage before cycl ing .  The 
samples were then soaked i n  water fox  12 hours and allowed t o  room d r y  f o r  
48 hours. A 1 1  f a i l e d  t h e  micrc amp tes t  a t  only 1.5KV except the one 
sample wi th  t h e  Tedlar  backing which had been placed on GRC t r e a t e d  wi th  
a moistcze r e s i s t a n t ,  The mois ture  r e s i s t a n t  treaement of the GRC was by 
the a p p l i c s t i c n  of SEALCRETE. A copy of t h e  SEALCRETE s p e c i f i c a t i o n s  acd 
charac te r i . s t ics  can be found i n  the appendix. 
The Tedlar backed laninate on moisture r e s i s t a n t  t r e a t e d  
GRC was immersed i n  water for 24 hours and Hi-Pot t e s t e d  immediately a f t e r  
removal and d ry ing  the surface with  paper  towels.  The r e s u l t  was zero 
micro amp leakage a t  3KV. 
7.0 SUBSTRATE MANUFACTURING 
A proposed manufacturing facility f o r  p r o d u c i n g  GRC 
substrates a t  a yearly rate of 15 megawatts would have to produce 
approximately 50,000 su5strates a year, based on a s u b s t r a t e  panel  
p roduc ing  300 watts. T h ~ s  amounts t o  4,166 substrate panels  a month 
o r  approximately 200 substrate pane l s  a day. 
7.1 Manufacturing Process 
The number of stations, men p e r  s t a t i o n  and equipment 
r equ i r ed  are shown i n  the work flow ske tch  and equipment list in 
Figure 7.1-1. Rol l e r  conveyors t r a n s p o r t  t h e  s u b s t r a t e  molds through 
t h e  spray casting, f in i sh ing  and indoor s t o r a g e  o p e r a t i o n s .  
A t  Station No. I, two men clean t h e  molds (make minor 
r e p a i r s ,  i f  needed) and apply  mold release agent. Rate  of ou tput  is 
one mold each 6 minutes. 
A t  S t a t i o n  No. 2 ,  one man p o s i t i o n s  mold under spray head 
and operates the  semi-automatic mechanized equipment. One-half minute  
is allocar.l.,d for pos i t ioning  mold and tvo and one-half minutes f o r  
spraying the  glass  f i b e r  and mortar. T h i s  p roduces  a l a y e r  approx i rna te lp  
1/8-inch thick. The spray head would be  similar to t h a t  shown i n  F i g u r e  
7.1-2. 
A t  Sta t ion  No. 3 ,  two men vibrate and roll t he  sprayed 
GRC t o  compact the glass fiber and remove entrapped air .  These molds are 
then rou ted  back t o  Staticn No. 2 f o r  a second layer. After the second 
l a y e r  has been applied and compacted, the  molds are routed  on t o  
S t z t i o n  No. 4. The mold sequence arriving a t  S t a t i o n s  No. 2 and 
No. 3 is: 1-2-3-1-4-2-5-3-6-4-7-5-8-6-9-7-10, atc. Thus, total cycle  
time would be 6 minutes ( 2  times 3 minutes) .  
FIGURE 7.1-1 
ivlANUFACTURING PROCESS WORK FLOifV AND EOU IPMENT 
S t a t i o n  
I 
2 
3 
4 
5 
12 
TOTAL 
b 
Cost Area 
Men Equip. Description & Oper. - 
- 
:.quip, $ Sq.  Ft, 
2 Hand Tools - Prepare Forms - 4 00 
1 Spray Gun & Chopper & Carrier 3,000 . 200 
2 Vibrator & Roller 
1 Position Rib Forms 
2 2 Spray Guns, Choppers & Carrier 6,900 200 
Vibrator & Roller 800 200 
2 Hand Fini sliing - 600 
I Stacking Machine & Racks Indoar 19,000 4,000 
2 Demolding & Bagging 1,000 1,000 
2 (2) Fork L i f t s  & Storage Racks 35,000 (30,000) 
Outdoor Storage 
2 Hoppers & Mixers (Mortar) 30,000 500 
2 (2) Fork L i f t s  - Shipping & 30,000 1,000 
Receiving 
- 
 
Conveyors (Not Shown) 
19 men 
10,000 i n c l  . 
$136,000 8,600 

A t  S t a t i o n  No. 4 ,  one man p o s i t i o n s  cardboard forms, 
i n s e r t s  PVC tubes and r o u t e s  the molds en t o  S t a t i o n  No. 5. (Al lo t ted  
time, 6 minutes) .  Mold sequence is  s t r a i g h t  numerical .  
A t  S t a t i o n  No. 5 ,  two men us ing  two semi-automatic 
mechaniz::d spray  heads spray  the  GRC over  t he  r i b  forms in two layers 
compacting each layer. Cycle time, 6 minutes,  which i s  composed of two 
I-minute spray cyc le s  and two 2-minute compacting cycles, The molds are 
then t r anspor t ed  on t o  S t a t i o n  No. 6 .  
A t  S t a t i o n  No. 6, two men s u r f a c e  f i n i s h  the  sprayed mold 
by t rowel ing ,  trimming and spraying w i t h  "Sea lcre te . "  
A t  S t a t i o n  lqo. 7, the indoor  storage, one man ope ra t ing  a  
s tacking  machinc p laces  completed mold i n  s t o r a g e  r ack  and removes one of 
t he  molds t h a t  has  been i n  the s t o r a g e  rack  f o r  2 4  hours.  This  2 4  hour 
mold is routed on t o  S t a t i o n  No.  8. 
A t  S t a t i o n  No.  8, two men remove s u b s t r a t e  from t h e  mold, 
tu rn  ( t o  place r i b  side down) and apply  "Sea lcre te"  t o  f l a t  su r f ace .  
They r e r o u t e  the empty molds back t o  t h s  S t a t i o n  No. 1. Eighteen t o  
twenty-four minutes l a t e r  after sp ray ing  the "3ea lc re t e , "  the 
t r e a t e d  surface is f lushed  wi th  wa te r ;  the s u b s t r a t e  i s  turned r i b  s i d e  up, 
wrapped i n  p l a s t i c  and p laced  on plywood s h e e t .  These are routed on t o  
S t a t i o n  No. 9 .  
A t  S t a t i o n  No. 9,  the outdoor s t o r a g e ,  two men using 
f o r k l i f t s  move t h e  wrapped o r  bagged s u b s t r a t e s  on t h e  plywood s h e e t s  
t o  s t o r a g e  racks. A t  the same time, one of t he  s u b s t r a t e s  i s  placed i n  
a rack, one i s  removed from the r ack  tha t  has  been i n  the r ack  f o r  
seven days. These a r e  stacked i n  the  yard a rea .  Plywood s h e e t s  remain 
w i t h  t h e  s u b s t r a t e s  dur ing  yard s t o r a g e  and shipment t o  d e s t i n a t i o n .  
They a r e  re turned  f o r  r euse  w i t h  an  es t imated  50 percent  recovery.  
Cost Estimates 
GRC PANEL 
Ing red ien t  
Cement 
Sand 30 mesh 
Water 
Material = Glass Fibe r  Reinforced Concrete 
Mortar = .66/1.00 Sand/Cement ratio 
Glass Fiber = 5% mortar wt. 
Panel Gesign wt = 185 1b.s + 20 lbs ovkrspray 
= 205 lbs gross w t  
Mat1./380 l b s  batch wt/lb mortar 
H20 - 67 lbs 
Cement - 188 l b s  
Sand - 125 lbs 
G l a s s  Fiber - 1 9  lbs 
LUTERIAL COSTS 
.1764 lbs 
.4947 lbs 
.3289 lbs 
,0012 ml 
,0500 lbs 
Per Unit Per Ib. Per lb. Per lb. 
13ag L o t s  Bulk Mortar 
( 9 4  lb) ,0573 (Ton) .0198 
5.39 ,04 
(100 l b s )  .034 (Ton) .0033 
3.40 . 01. 
.028(x7.ggal/ft3 6 2 . 4 )  ,0036 ,0008 
Glass Fiber 1.65/lb 1.65 1.25 .0625 
PVC Tubing 35.44/100ft .3544/f t . 3 0 / f t  .0093 
(2x38" i 1236.33 205x.30) 
'7 
(1980 $1 $. 0962 x 205 lbs = $19.73/panel = $. 62/ftm = 6. 67/x2 
ENCAPSULATION MATERIALS 
Tedlar  (1 mil) .04 
EVA (2-1/3 layers) .09 
Glass Scrim (, 02/sq.  f t .) -02 
Korad clear (56 sq.ft./lb, $3.50/lb.) .06 
Edge Sealant RTV GE 157 - .22  
Totals $ . 4 3 / s q / f t  = $4.63/312 
MAL.'~FACTURING LABOR COST ESTIMATES (MBA) 
- 
Direct Labor, 19 Line 9 2 QC =a 21 
1/3 Lunch & Relief Z 7 
1 Supervisor or Foreman Z - 1 
Number per s h i f t  29 
3 shifts x 29 = 87 
$25.00/hr.  inc l .  overhead = 87 x 25 = $ 2 , 3 4 9 . 0 0  
I 
T i m e s  8 hr .  s h i f t  = $18,792 
Panels required at 300 watts/panel for 15 megawatts/gear 
50,00U/yr, f 12 = 4166 month $ 22 = 189/day 
Production capacity 10/hr x 8 x 3 shifts = 240 
x .90(mfg. eff.) x .95(5% scrap loss) = 205/day produced 
$18.792 4 205 - $91.67 + 32 = $2.86/sq.ft. = $ 3 0 . 7 7 / ? 1 ~  
PROCESSING MATERIALS 
Description 
Plastic s t o r a g e  bags 5'xl.O' 
(7 day storage) 
Wood storage-base kt' plywood 
(Part  of shipping package-returnable 
and reusable). Estimate 50% retvrned 
Panel Foms 
3/4" Finnboazd 
1" Angle 
( L i f e  50 molds) 
Maintenance . 24  
R i b  Forms (cardboard) 
Mold Release Agent 
$ Cost $ Cost 
Per Unit ?er Panel 
T o t a l  = $6.64/panel 
$. 2 0 7 5 / f t  2 
2.23/M 2 
ESTIMATE INSTALLATION COST 
GRC PANEL 
Material Required: 
2 posts 6"x6" pressure treatec Fir, 5' long ea. 
2 p o s t s  6"x6" pressure treated F i r ,  4' long ea. 
4 b o l t s  3/8" x 7" & Nuts 
2 upper brackets 
Material: 6x6 steel tubing,  1' long 
Labor: 1/20 hr. each 
2 lower brackets 
Material: 6x6 steel tubing, 6" long 
Labor: 1/60 hr. each 
2 - 1" sched. 40 water p i p e  40" long (2 ea.) 
4 - 12" 87 Reinforcing steel 
1/4 cu, yds. 4 posts 
Installation Costs for Labor & Machines : 
Labor: 
Hole boring $0.5O/hole ( 50/hr) 
Concrete $4.00/post 
Placing posts Sl.OO/post (20/hr) 
Installation of brackets 
Placing and d r i l l i n g  holes (20/hr) 
and bolting - 4 men, (1 transit .t 3 others) 
Hanging panel 2 men and truck = $50.00 + 
1 helper $20 .'00/hr. 
Cost Array 
Per Cost/ 
Unit Panel 
$50 each 2.00 
5.00/ 10.00 
bracket 
TOTAL INSTALLATION COST PEF, PANEL 
TOTAL COST PER SQ. FT. PANEL 
1980 Dollars 
Encap. Matl. 
GRC t t  
GRC Labor 
GRC Proc. Matl. 
GRC Ins t . Macls. 
Panel Inst. Cost 
(Labor & Machines) 
$ /sq . f t . panel S l s q  .41 
.43 4.63 
- 6 2  6.67 
2.86 30.77 
.21 2.26 
1.03 11.08 
Note: These do not include cells, encapsulation labor 
or fac to ry  investment costs .  
Cost Comparisons 
Using JPL' s 1975 baseline values: S .  x i , ! ~ a t t  or 
2 7 $54 - 46 (cells and encapsulation labor) = $8/M for panel and $54/X* for 
i n s t a l l a t i o n  and a conversion factor of 1 . 4  t o  ohtafn 1980 values, results 
in the followi-ag: 
Item 
-
P ane 1 
Installation 
TOTAL 
MBA' s GRC 
Substrate 
$61/PlZ 
87 - 61 = 26 or 30% less 
-
JPL's 1980 
Values 
sli/n2 
8.0 NEW TECHNOLOGY 
An improved des ign  of a p i lo tovol ta ic  s o l a r  panel 
f ab r i ca t ed  from a r e c e n t l y  developed g l a s s  f i h e r  re inforced  concre te  
m a t e r i a l  w a s  repor ted  to NASA's New Technology Representa t ive  September 1 7 ,  
1979 as a p o s s i b l e  "New Technology". This design was first  d i sc losed  
i n  Quarterly Report No. 2 da ted  July 2 ,  1979 (paragraph 2 . 2 . 3 ,  page 
14 ,  Figures 11 and 1 2 )  prepared by MBAssociaces ~ l n d c r  DOE/JFL Contract  
No, 955281-79/05. It was a l s o  mentioned i n  Quar te r ly  Report  No. 3 da te3  
October 5, 1979 (paragraph 2.5 and 4.0,  pagzs 9 and 1 9 ,  Figures 9 through 16) . 
8.1 Novelty Fea tu re s  of New design 
A 1 / 4 "  thick 4 ft x 8 f t  Glass Reinforced Concrete 
Pho tovo l t a i c  Solar Panel i nco rpo ra t i ng :  
A smooth, dense, f l a t ,  hard s u r f a c e  s u i t a b l e  as a 
solar cell substrate. 
Two (2)  Trapezoida l  sti.f; 'zning r i b s  se?.ring a l s o  
as s t r u c t u r a l  suppor t  poin. ts .  
o S t r a t e g i c  plzcement of ribs, with  imbedded support 
tubes (standard PVC t u b i n g ) ,  minimizing bending 
moments and resulting s t r e s s e s  produced by installatic& 
and wind loads. 
a A S t r u c t u r a l  d e s i g s  sm~nable t o  mass product ion 
requiring nFnimal l2'bor f o r  i n s t a l l a t i o n .  
e A Four ( 4 )  point suppor t  system r equ i r ing :  
- Four ( 4 )  wou~ten p o s t s  (6" x 6") each se rv ing  
two ( 2 )  s e p a r a t e  pane ls .  
- Four ( 4 )  simple post brackets o f  (6" s 6 " )  s tandard ,  
square s t r u c t u r a l  s t e e l  t ub ing ,  each se rv ing  two (2) 
s e p a r a t e  pane ls .  
- Two ( 2 )  support bars of standard one (I) i n c h ,  
schedule 40 galvanized p i p e  wirh 30. 7 r e i n f o x i n g  
s teel  bar; inserted in the p i p e  ends as bracker 
C O R f i e C t C T ' 3 .  
';nova t o r  
James L. Eirls, Pro jec t  Engineer, XEAssociates. 
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APPENDIX B 
POZZOLITH 330-R 
ADMIXTURE FOR IMPROVING CONCRETE 
Mrtets and Exceeds Requirements of 
ASTM C 494 for Type B and Type D Admixture 
P O Z Z O L I T H  300-R is a rcady+to.use liquid admixture for makiny 
better, more uniform and predictable high cluality concrete, It 
reduces the water content of concrete of a given consistency while 
retarding the setting time to facilitate placing and finishing. 
benefits: P O Z Z O L I T H  300-R admixture aids in the production of concrete 
with these special qualities: 
MODERATE TO EXTENDED RETARDATION depending on 
dosage used 
SUPERIOR FIN ISHlNG CHARACTER ISTICS FOR FLATWaRK 
BETTER APPEARANCE O F  FORMED SURFACES 
Plus ALLTHE BASIC BENEFITS OF PoZzOLlTH 300-N 
Increased strength - compressive, flexural and bond of concrete 
to steel 
Greater economy in a mix designed for a given strength, slump 
and air content 
I Minimum cracking 
Reduced permeability - Improved watertightness 
Easier placement - Economy in placement 
Greater durability 
where to use: P O Z Z O  LITH 300-R admixture is recommended for use in all rypes 
of concrete where retardation of set and improved performance are 
required or desired. 
POZZO LIT H 300-R admixture improves pumped concrete, shotcr~te 
and conventionally placed concrete; i t  improves plain, reinforcod, 
precast, prestressed, lightweight or standard weight concrere. + 
P O Z Z Q L I T H  300-R can be used with air-entraining cements and 
with air-entraining admixtures approved under AASHTO, AST?.l 'and 
C R 3  Specifications when air-entrained concrexe is specified or 
desired. 
When used in conjunction with another admixture, each admixture 
must be dispensed separate1 y into the mix, 
Master Builders approved air-entraining adrnix~ures arz recommended 
for use wlih P O Z Z O  L ITH 300-R admixture when air-entrainec 
concrete i s  specified or desired. 
I t  can be used in white or colored concrete and in archit~ctural 
concrete. 
.i. U.S. P31. Of f .  
.*r,'t!,.?c . . . POZZOLITH* 300-R 
dosage: Use 3 + 1 fluid ounces (260 : 65 mi per 100 kr ; i  of P 5 Z Z Q  L ) T i ?  
300-R per 100 poi~~irls of cement. 
rate of hardening: Serting times given below are cxnparative for a specific set of 
materials and condirions and are otiared only as a guide, 
Since setting time is also influenced by  the chemical and physical 
composition of the basic ingredients of the concrete, temperature o' 
the concrete and climatic conditions. Trial mixes should be made 
with job materials to determine the dosage required for a given 
degree of retardation. 
COMPARATIVE RATE OF HARDENlNG AT VARIABLE DOSAGES 
40110. 
' I  
' I  
,., - . . . .. 1 - . . --. L--- 
I 
f f t / 
/ / 
- 1000--- 
z 
- P L A l \  CONCRETE 
--I P ~ > Z Z ? C I T ~  !OO a P :,..r=, D L - -  :. if :-.::' - - .+ ._  
temperature: 'The temperature of r i . 3  cnncrete mix and the surrounding tempera- 
ture {forms, azrth, r-i~l~'circement, air, etc,) affect the rate of  harden- 
ing of rhe cancre?.e. At higher temperatures concrete hardens more 
rapidly arld may Impose problems on placing and finishing of 
concrete. By varvl,~g the dosage of P O Z Z O  L ITH  300-R, concrete 
with rrlGre desirable rate of hardening characteristics can be obtained. 
For retardaxion reqr~irements which exceed the 5 fluid ounce I325 
ml per 100 kg) dosage, consult your local Master BuiIclers fielaman 
before proceedirtg, 
compressive strength: In ~ ~ ~ r n p a r i s o n  with plain concrete, concrete containin! P O Z Z O  L IT t! 
300-Fi admixture develops higher early and higher ultimate strengrhs. 
Exceeds the strength requirements of  ASTP.1 C 494, AASiiTO I.1- 19: 
and CRD-C 87 specifications for admixtures, 
packaging: P O Z Z O L I T H  3r30.R admixture is supplied in 55 U.S. gallon 1208 
litres) drums. 
caution: I f  PoZ zo L ITH 300-R admixture has frozen, thaw a t  25F (2C) or 
above and completely reconstitute bv mild mechanical agitation. Do 
not use pressured air for agitation. 
For additional information on POZZO L I T H  300-8 or on i t s  c;se :n 
developing a concrete mix with special performance characrerisr~cs. 
contact Master Builders, Cleveland, Ohio 441 18 or blaster Builders 
local f k ld  representative, 
D ~ V / S I D N  O F  M A R T I N  M A R I E ~ T A  C O R P O R A  T I O Y  
CLEVELAND, OHIO 44 1 18 TORONTO, ONTARIO M6M 3E4 
U. S. Pat. Off. 
APPENDIX C 
SEALCRETE 
1.1 2E.-C:C!IEPE i a  p. s c i s n t i f i c  pene trztiy p r e a ? r v 5 t i v e  w h ~ c h  
n z t = ~ - > r o o f  s 2nd sezls  c o n c r e t e  ,n:sonrg, c o n c r t  t 2  512c.c, 
st~cco,precast concr~te,oand b l z s t e d  c a n c n ~ ~ + , t ~ r ~ ~ . z z ~ , ~ n d  
concre t e  p l c s t e r .  SSALCRETE is an odorless, non- to :~ ic ,  z:li 
non-f lcnzsble liquid compound. S 3 d L C ? Z S X s  i s ~ g 1 ;  ~21; 
ozfe  t o  use. 
2.1 JZALCHZTE r e a c t s  with the z lka l i  znd moisture in t h e  
concrz te  p roduc t s  t o  form a  el within t h o  . m t e r i z l .  This 
g e l  engulfs z l l  the p a r t i c l e s  2nd binds them i n t o  one 
s o l i d  nass.  The results are z higher  dens i ty ,  an I n c x e s ~  
in strength, and a permarlent w a t e r - s e a l e d  n z t e r i a l .  
1 - ,  - 2.2 iZXLCRETS reac ts  t a  w e t e r  regerdless of volu~e. s2~,C?3?2 
u t i l i z e s  the wster  t o  c r e z t e  additional chemiczl  b i r d i n -  
substance, The chemica l  r ~ z c t i o n  con t inues  u ~ t i l  avery 
g a r t i c l e  i n  the c o n c r e t e  i s  comple te ly  s e z l e d .  
2 . 3  The applicztion of SEXLCRETE is very sicple znd c c z p l e t e l y  
szfe, Use YEALCIldTE as it comes out o f t t i l e  c o n t a i 2 e r  neTr ,5 r  
n i x  i t  with any other s o l u t i o f i s .  X hil.dson s p r s y e r  .jr 
e q u i v z l e n t  has been found to be the aos - t econorn ica l  2nd CO- 
nvenient tqttray of app l ica t io r , .  Cement blocics an5 s ~ n i b l z s  - ,e l  
s u r f a c e s  reauire t h r e e  o r  f ou r  eppliccti~ns b e c n % s ~  05 
the excess ive  p o r o s i t y .  
3.0 Concrete 
3.1 SEALCSETE cur8es c o n c r e t e  unif orrnLg by utilizing ti:,,= ;.;r,-:c i. 
in the concrete to s e t  up e g e l  n i t h i n  ~llo*::i::; t h e  
- - 
0 conere t e  t o  cure  w i t h o u t  shrinkcae ~ n d  cr2zi:~n.:. -+.-- - - 
. . 
z p p l i c a t i o n  i s  s h a l e ,  j u s t  sprzg t k c  concrsze :.;rf:: 
- * iZ,LLCETZ after the concre te  Sas b e e n  trov:e-t:. C n e  
g211on m i l l  cover 100 square s e e k .  
C 3 .2  SEALCRSTE p r o v i d e s  an z l k ~ l i  fr = e  surf z c e  , cr ?zin:F-=..-- - 9 
thereby increasing t h e  p a i n t  l i f e .  
3.3 SEilLCRETE prov ides a coisture f r e e  and ~1k2.11 5 ' ~ ~ s  
- 3 - 4  
G--- + - 2 3  surface for adhesives (mestics) use6 in z l z  inst- 
o f  t i l e s ,  l i n o l e m s ,  terrazzos, e t c .  
3. d SEXLCXZTZ moisture seals znd g r e s e r v e s  basmcnt  x ~ l ' s ,  
n e s  o r  old, on the exposed znd the dirt s i d z  bslc+:; .-rs2; 
Only one side of t h e   ell needs to be t r e e z e 3 .  Iz 
. - 2ountries o u t s i d e  t h e  U.S.A. :here ceaonYs oe-a*:; 
standard, SEALCRETE h2.s been found o v e r  O V C ~  ?;9 ? 2  
the most effective product for sealing t?.; c2ncrz:= 
i n t e r n a l l y  . 
3.5 3EAiCRZTE c l eans  ol? and nen concratz b y  forcing -11 
C - l  
.. .-' ' - . . .-, 
r!x.tsri~-ls Toreign t o  conc re t a  to the surface, ;is.-+iC;'.-'-: 
penetra tes  progressively through t h e  concse t e  , binding 
213 the aggregztes into one solid mzss ~ n d  forcizg 211 
, GC9. Zirt, grecse ,  oils 2nd o t h e r  i ! > y u r i % i e s  t o  the sur'- 
Once SZdLC2ET.E kas s e z l e d  the c o n c r e t e  , conta::inates 
such as o i l s ,  greases, brjlce f l u i d s ,  znd ec i6s  cay 3s 
. + 
r insed  o f f  :vi th xn te r  r:i thout s te.iniilg scs 32; l r f~ce .  
3.6 2EALCYET3 xi11 prevent elkali-leachire o n  3Ld o r  -.s*:! 
concre te ,  This is accomplished n izh  ~:3:slicc+';lans o? 
SZXLCHET5. SZXLCHZTE vill pene $ r a t e ,  3~3 , .  -;ire c3nc rE  ze,  
znd f o r c e  the loose alkali to the susfsce n h s r e  it ney 
be r insed o f f  or cleaned with z mop. 
3.7 SZXECiIZTB internally sezls  and waterproofs concre%c blocks, 
con-crete slabs, precast concrete, tilt ups, 2ad c o n c r e t e  
walls. SEALCHZTE also prevent nzll sseating cad 
moisture from gassing from one floor to z n o f h r  l a  nulti?le 
s t o r y  buildings. YEiLCHETE is excellent f o r  t r e a t i n g  
*-.-9 7 - 0 1 2  -3 6 7 ~ 2  su5terrznean gareges where nezer  i s  p ~ s s i n g  , , - 
t o  capillary action and hydrostatic ~ ; , z t o r  5r"z22r-:. 
3.8 SE>XLCRETZ will p r e v e n t  d e t e r i o r s t i o n  u l 2  zbrzsivs dzsai:lg 
on new or old concre te  where t h e r e  is excessi-ce dusting, 
a g y l i c a t i o n s  with SXALCiETE w i l l  s e a l  2nd ~ r s v e z <  fu$ur~ 
deteriorztion. u~IGINAL PAGE 1s " 
OF POOR QUALITY 
3.9 SSALCBETE increzses -the densi ty on 018 o r  fie-:: col- iere t z  : ~ - 1  
i n c r e ~ s s s  the resistance to hydrostatic g r e z s u r e s .  
Sesults of t e s t s  show t h a t  the  oercentzge 05 hye :oz t z i x i z  
resistzzce is increased in d i r e c t  p r o p o r t i ~ n  t o  tile v o i i s  
e x i s t i n g  i n  the  concrete p r i o r  t o  the z g s l i c ~ ~ i o n  o f  
SEdLCi?ZTE, 
L-r- L 3.10 Tensile Strength Inc rezses :  Lzborztory t a s t s  sk~;.: -' 
c o n c r e t e  treated with  YEALCHZTE hzd E hef l n ~ ' c c  ir:crzc?;cr.c 
in tensile strength f r o m  20$ to c s  nuch zs 267: on :.zr.- J 
Low densi ty concrete.  
Patching of  old concrete: SZSLC33TZ groviass En e x z z l l e n t  
surface for petching concrete v i t h  egoxl;s o- ~:;i=?- 
cement, Yhen patching with compo~inds o t h e r  t%zn caze?.c, 
saturate the z f f e c t e d  area with SZALCZZTG ~ n i  s 7 7  - -b o ;'I 
SZALCIGTE to pene t r a t e  the concrete.  when 3 - 2  exzess 
alkali is exgosed to the surface r ins5 a ~ ; z y  n i t h  
n ' xzter.  The area is now ready to be g z ~ c h e d .  ' k ~ s  -:so 
applies to surf aces where crzxlking mztsrizls are to 
be used. 
3.12 Jhen -3tching ivith cement, z p p l g  SSALC33TS in the a f 5 s c z o 6  
Erea, $ban the patching cement. A f t e r  t h e  ze<ch kas 5 a e n  
app l i ed .  sp ray  or f lush  the g a t c h  with 32.4iCX2T3. 
SEALCRETE will prevent  shrinkage and crzcki-rg ;;.iLl 
zrovids  a p e r f e c t  and e f f e c t i v e  band be tvisen 5:s c o z c ~ e  z s  
knd t h e  pa tch .  
:.O SEXLCRETE :.:ill c lean  2nd c e z l  c o g c r e t e ,  t c z * ~ z s s o ,  zy.5 
stucco by expelling t h e  f o r e i g n  rnzteria2.s t o  t i z a  ssr;'sce 
!:;hsre they  can be f l ~ s l i e d  o f f  n i t h  wate r .  S Z - L 2 2 2 T Z  
L;ruCCO 03 fsziJi,iO, ORIGINAL PAGE IS 
- 
1 q i n ~ r y  cl~ssin, OF PN@. W&.L$E i . I 4 . 1  3i1, GreEse o r  a c i d  c o n i t r ~ i  
is necessary b e f o r e  SEXLC23TE i s  anplied. 'I.'lt;ck. L ~ E L  
x i t h  5ZXLChSTE. After SEXLCRETS has t ra ted,  t h e  zr5a 
w i l l  f e e l  sticlcy, tccky o r  s l i p p e r y ,  denendin, 03 .t;k.;e ~ ? l o u n t  
of  grease. This means that YXALCS2T3 has g s n e f r s t ~ 5  
surface and e x g e l l e d  the  contaminates t o  the  s u r f a c e .  
F l u s h  zrea with aeter.  A stiff broon -.-:ill h e l g  2102% 
oils and grease  from t h e  surfece. D e e ~  c,':'. znd z r e ~ s s  - 
stains w i l l  ; l o t  be e n - t i r e l y  removed a+ ,.Le tFrr.2 of 
a p p l i c a t i o n  but will gradually ii saggear. The concye t e  s b o ~ l d  
be flushed with water  vihenever convenient as t h i s  l:;iLL 
zccelrate the clezning of the concrete, q1J?.rry t i l e ,  e t c .  
4.2 Neat process ing ,  packing and dziry buildings, 
SEXLCRETE is completely effective in t h e s e  a i > j l i c z t i o r s  
because o f  i t s  a b i l i t y -  t o  p e n e t r a t e  S ~ t ; s ,  greeses ,  o ~ l s ,  
a d  latic a c i d ,  2-11 of  which z re  d e l e t e r i o u s  t o  c o ' l c r e t e .  
-1 - C. s+ALCiiZT% -progress ive ly  expels  t hese  meterials t o  b:le 
. . 
surfzce and seals  the concrete so tSzt is m y  t c e r e z f t e r  
be kegt clean by flushing o f f  w i t h  ~ : z t e r .  
The 5EALCiIETZ formula has been zgprove6  f o r  z??liczv~on 
in t h i s  i~dustry by the U.3. Dept. o: .':gricultur; r s f .  
document YLY dated 3ecember 6 ,  1560. 
SEALCRXTE is excellent f o r  use s i t h  s t u c c o ,  it ~ ;e te r ; r oo f s ,  
- ,;uian. s e ~ l s  against c o n t m i n a n t s ,  znc g r ~ v e n t s  a 2  t e r i ow- - ?  
Tests were performed by makin? contz ics -z  out 05 ver!- 
- . -  
J 
p o r o u s  first coat ing s tucco ,   hen a p p l j r i n g  i 2 . ~ - : 1 2 1 Z .  
The t r e a t e d  2nd untreated con ta ine r s  :.;ers 5 1 1 5 5  +::ith ?::z=ar. 
. I . . - . .  The conta iners  t r e a t e d  r : r l t r l  23tiiC;15T3 d i d  n a t  L t d i  o r  
s w a t  when sprayez  with n i t r ogen .  The u ~ t r s a x d  co?.;zi2z-s 
p e r m i t t e d  water %u pass f r e e l y  ,In au2 l t ion ,  51s  areatad tad 
containars exhib i ted  h a i r l i n e  c racks  ~ i n s n  zxposz~5  =a 
water and nitrogen. 
5.2 Curing of stucco, SEdLCRST5 is s x c e l l e n c  an5 s Z f a c = k - ~ s  
in curing stucco due to its chzracteristic of zccelzrz:i2g 
the s e t t i n g  aud d e l a y i r s ~  the curing p e r i o d .  This is iuz 
, . primarily to the fact that SZALCRET3 u t i l i z e s  ~r-2 : x i s : ~ r e  
i n  t h e  s tucco  t o  f o r m  a gel ~ i t h i n  tile s tucco ,  ~1Lzinr?-;~ng 
the  escaping  o-? mois tu - re .  T5e reactions z r e  ~.:;r.~..a.rlfn. 
7 .  5 . 3  Application. Spray SEALCRETE on the stucco e55ar  ~-3;.:3--n,- 
. . and the  s~uzface water h s  aiszppearec. LL-=L<.?~?; * m ' i  . , " 
. . 
s top  a i l  surface dusting and prevenz ileirli,rr crec:::n,- 
znd in addition it w i l l  seal. t h e  stucco, Sgr13 s ; ~ ~ c c ~  
ni th  three application of SEhLCiIETZ zt ths  r z t s  of o c e  
hundred (100) square f e e t  p e r  gzllon, 
. .. . 
- n - .  I- - 5.4 Tncreass  in "cer,sila strengtii .  ~L.=LUAZ'LL L I Z ~  ~ ~ 5 , r l  f ~ : x Z  
t o  be v e r y  e f f e c t i v e  in old o r  neyi s t u c c o  by increzsix~ 
t h e  d s n s i t y  ~ n d  filling in the voids, thereby i n c ~ e k s i n g  
t h e  tensile strength o f  stucco. Testc indicz:e LT 
i n c ~ s z s e  z s  much as 40;-. 
5 .5  Petchi,ng. Apply AGALCdET'Z in t he  zffeczsci  z rec ,  s k z z  
gatch. Apply SZhZC95TE a f t e r  pztcking, this -;;ill 
preven t  crecking due to shrinkage. 
5.6 Chsnical Laboratory and B ~ t t ~ z - y  mznufacturing plants. 
Acid conditions, flush area to be t r e a t e d  *::ith 33-{LCRETE 
immediztely a f t e r  troweling t o  p r e v e n t  penstrzzion o f  
, - 7 .  - 
ec ids  end staining of t he  c o n c r e t e .  J L A L ~ X Z T Z  grevcnts 
the deterioration o f  the concre t e  and e i i n i n ~ t e s  fr e q u s n t  
c o s t l y  r e p a i r s .  
5 . 7  ' ; i ineries. SZdLCliETE will penetrz te  into the concrete 
surfaces and e x p e l  a l l  materials f o r e i m  -kkn concr . r te ,  
- 
thereby preventing s p o r e s  from a lgae ,  stains znd 21; 
p e n e t r a t i o n  of ac ids ,  (jR1G1XAL PAGE IS 
6.0 Summetion. SEALCRETJ w i l l  ihWr8QBlii %&8L%.r;i ty 2zd 
t e n s i l e  strength of  concrete, old o r  nen, 2nd n i l 1  
prevent  c racking  due t o  shrinkage end cepill~ry action 
of water. The i d e a l  t ime  t o  z p p l g  SZ-41iC3E'lE rs Y:>.~x 
concre t t  o r  stucco i s  placed. 33dLC3ZTS w i l l  cure ,  
naterproof, znd prevent d e t e r i o r a t i o n  o f  c o n c r e t e .  IT 
1 , ~ ~ i l l  a lso provide an alkali f r e e  surface f o r  pzinsin, 
and f l o o r  covering. I t  will prevent  penetrztian o f  
f o r e ign  nzter iz ls ,  znd retard t h e  Zorna t i cn  o Z  algae 
and b a c t e r i z .  
SZALCRETE w i l l  in no way dvnage f i l t e r s ,  punps, o r  
fixtures, 
~ I G ~ A L  PAGE IS 
OF POC)R . ...- . 
APPENDIX D 
DAREX - CONCRETE ADMIXTURES 
DESCRIPTION: 
DAREX AEAk admixture :s an aqueous solution of a com- 
plex mixture of organic acid salts. It contains a catalyst 
for more rapid and cornpiete hydration of portland cement. 
DAREX AEA is speci~liy formulated for use as an air en- 
training admixture fsr cor~crete and Is manufactured under 
rtgid control which provides uniform, predictable perform- 
ance. It is supplled ready-to-use and does not require pre- 
mixing with water. One gallon weighs approximately 8.5 lbs, 
USES: 
OAREX AEA is used in ready-mix, block, and concrote prod- 
ucts plants. it is also used asa gauge water addition on tha job 
at batching plants, job-site mixers, hlghway pavers. . .where- 
ver concrete is mixed. 
Because OAREX AEA plastlcizev or "fattons" the mix, it is 
partlcuiarly elfectlve with slzg, lightweight, or manufactured 
aggregates which tend to produce harsh concrete. It also 
makes possibte the uae of natural sand deficient in fines. 
AIR ENTRAININa ACTION: 
Air is entrained by the deve!.pment of a samimicroscopic 
bubble system - introd~r;vsrJ lt:ta the mix by agitation and 
stabilized by DAREX AEA :n the mortar phase of the con- 
crete. 
Alr Contmnt Ir Controlled. Because excessive entrained air 
may be detrimental to strengths, DAREX AEA is designed to 
lin!it the maximum amount of airentraineddespitean inadver- 
!ent overdose. DAREX AEA is not supersensitive, Small varia- 
tions in addition rate are not critical and do not materially 
affect the amount of air entralned. 
Warkrbillty i s  Improved. Mlllionsof tiny air bubbles entralned 
with DAREX AEA act as flexible ball bearings, lubricating and 
plasticizing the concrete mix. This permits a substantial rw 
ductlon in  mixing water with no loss in slump. Placeability is 
Improved . , , bleeding, green shrinkage and segregation are 
minimized. 
Durabllty Is  I n e n a ~ d .  DAREX AEA concrete is exttomeiy 
durabla, particularly when subjected to freezing and tt. ?.~;Tng. 
It has a remarkable resistance to frost and deicing sairs 3s 
- 
well as to sulfate, sea and alkaline waters. 
C0MPAT:BILTTY WiTH OTHER ADMIXTURES: 
DAREX AEA Is compatibie In concrete with all known water 
raducing admixtures and water reducing retarders, such as 
WRDA with HYCOLTM, WROAa and DARATARCP, By combin- 
ing !he separate effects of air entrainment with the dispersion 
of a water reducing admixture, the water requiremetit of con- 
crete may be reduced up to 20% - with proportlonai in- 
creases in  strength and outstanding fmprovernent in durabil- 
ity. DAREX AEA is also compatible with concrote mixes con- 
taining calcium chloride. EACH ADMIXTURE SHOULD BE 
ADDED SEPARATELY TO THE MIX. 
ADDITION RATES: 
There is no standard addition rate for OAREX AEA. The 
amount to be IJsed will depend upon the amount of air re- 
qliired under job conditions, usually in the range of 4 to 8%. 
Typical factors which might influence the amount of air en- 
trained are: temperature, cement, sand gradation, and use of 
extra fine materials such as fly ash. Typical DAREX AEA addi- 
tion rates range from % to 3 ftuid ounces per 700 Ibs, of 
cement. 
The air entraining efficiency of DAREX AEA becomes even 
greater when used with water reducing and set retarding 
agents. This may allow a reduction of up to two-thirds in the 
amount of DAREX AEA required for the specified air content. 
MIX ADJUSTMENT: 
Entralned air results in increased yields with a consequent 
decrease in the cement Content of tho placed concrete. This 
condition calls for a mix adjustment, usually accomplished by 
reducing the fine aggregate content. This is in addition to the 
reduction in  water content brought about by the increase in 
plasticity. 
DISPENSING EQUIPMENT: 
A complete line of automatic DAREX AEA dispensers is avail- 
able. Accurate and simple, these dispensers are easily 
adapted to existing facilitiasdn paving mixers and in batching 
plants, 
PACKAGIMQ: 
DAREX AEA is available tn bulk, delivered in metered tank 
trucks, and 55-gallon drums. OAREX AEA contains no flam. 
rnable ingredients, IT FREEZES AT ABOUT 30°F, BUT ITS AIR 
ENTRAINING PROPERTIES ARE COMPLETELY RESTORED 
BY THAWING AND THOROUGH AGITATION. 
ARCHITECTS' SPECIFICATION FOR CONCRETE AIR EN- 
TRAINING ADMIXTURE: 
Concrete shall be air entralned concrete, containing 4 to 8% 
entrained air. The air contents in the concrete shaii be dater- 
mined by the pressure method (ASTM Designation C 231) or 
gravimetric method (ASTM Designation C 138). The air en- 
Training admixtu;~ shall be a purified hydrocarbon type with a 
cement catalvat, such as DAREXAEA. as manufactured bv the 
~onst ruc t ion~roducts  Division of w.'R. Grace& Co.. or esual. 
The air entraining admixture shall be added at the concrete 
mixer or batchina olant at a~oroximatelv 4'4 to 3 fluid ounces 
per 100 lbs, of cekent, or in such quaitities 2s to give the 
specified air contents. 
SONSTRUCTBON P R O D U C T S  D I V I S I O N ,  W .  R .  G R A C E  & C O .  
Ve h o ~ e  tf,e informaljon given here will be helpful. It is based on our best knowledge, and we believe it to be true and 
Iccurale. Please read all statements. recornmendallone or suggestions herein in coniunelion with our conditions of sale 
vhlch apply to all goods supalied by us. We assume no responstbility for !he-use ot these statements. recommendations 
rr suggest~ons, nor do we inlend them as a recommendatron for any use which would infringe any paten! or coeyright. 
lEADPUltRTEA5: $2 WHITTEMORE! AVE,, CAMBRIDOE. MASS. 02140 
:om CMD.131-2G .i 
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APPEhiIX E 
CALCULATIONS 
LOAD ANALYSIS HANDLING 
114" THICK SUESTRAT: 
DL = 4.43 LBSIFT' 
LL=O 
LONGITUDINAL 
TRANSVERSE 
17.72 LBS 17.72 LES 
?7.72 L8S 17.72 LBS 
LOAD ANALYSIS HANDLING 
3/8" THICK SL~BSTRLITF 
DL 6.82 L%SI!;T' 
LL - 0 
LONGITUDINAL 
TRANSVERSE 
2738 LBS 27.2 8 LBS 
2720 LBS 2718 LBS 
LOAD ANALYSIS OPERATIONAL 
114" THICK SUBSTRAT5 
DL = 4.43 LP.5IFT' 
LL = 50 LBSIFT? 
LONG1 TUDINAL 
21 7.73 LBS 217.73 LBS 
71 ES FT-LBS 
M 
7830 FT-LBS 75.90 FT-LBS 
TRANSVERSE 
217.72 LBS 217.72 LBS 
217.72 L3S 21 7.72 LBS 
10186 FT-LBS 10888 FT-LBS 
LOAD ANALYS!S OPE RATlQlJAL 
LONGITUDINAL 
227.28 LBS 227.58 LBS 
75.00 FT-LBS 
M 
TRANSVERSE 
45456 LBS 454.56 L3S 
22728 L8S 22728 LBS 
22728 LBS 22728 LCS 
1 f 2.34 FT-LBS 11 384 FT-LBS 
SECTION ANALYSIS - LONGITUDINAL 
'*'' l2 x 130 l b s / f r 3  = 4.43 l b s  Xwr. a 1728 -
SECT ION ANALYSIS - TRANSVERSE 
STRESS ANALYSTS - HANDLING 
1 / 4" SUBSTRATE 
LONGITUDINAL 
F - 11/4.91 
v 
F = 2 . 2 4  p s i  
v 
'ma* = 7 f t - l b s  
v 
rnax 
= 11 lbs 
14.44 p s i  
Fb ten - 7 ft-lbs x 12 in x 1.7 in 
7.56 in 4 
Fb ten 
TRANSVERSE 
Fv = 18 ft-lbs/3.0 
Fv = 6 psi 
9 f t - l b s  x 12 in x 1.5 in 
= 5.96  in4 
Fb 28.47 psi 
AT SUPPORTS 
W = 9 f t - l b s  
max 
v 
max 
= 18 Ibs 
I = 5 . 6 9  in4 
C = 1.5 in 
Fv = 36 lbs/3 inz 
Fv 12 psi 
STRESS ANALYSIS - HANDLING 
3/8" SUBSTRATE 
LONGITUDINAL 
Fv 16 lbs/7.55 in2 
Fv = 2.12 psi 
'ma* 
= 10 ft-lbs 
'max = 16 lbs 
I =10.12in 4 
a 10 ft-lbs x 12 in x 1.3 i n  
Fb comg 10.42 in4 Ccomp = 1.3 i n  
'h comp 14.95 psi Cten = 1.7 in 
= 
10 ft-lbs x 12 in x 1.7 in 
Fb ten 10.42 in 4 
'b ten = 19.58 psi 
TRANSVERSE 
14 f t - lbs  x 12 in x 1.7 In 
Fb = 7.80 in 4 
F~ = 32.30 psi 
v 
max 
= 28 lbs 
I = 7.80 in4 
AT SUPPORTS 
Fv = 56 1bs/4.5 in2 = 12.44 psi 
STRESS ANALYSIS - OPERATIONAL 
1/4" SUBSTRATE 
LONGITUDINAL 
= 127 lbs/4.9 in 2 
FV 
Fv = 25.87 p s i  
Fb ten 
TRANSVERSE 
76 f t - l b s  x 12 in x 1.3 in 
7.56 in 4 
76 f t - l b s  x 22 in x 1.7 in 
7.56 in4 
= 218 lbs/3.0 in 2 Fv 
Fv = 72.67 psi 
= m! f t - l b s  x 12 x 1.5 
Fb 5 . 6 9  in 4 
Fb = 344.82 psi 
M 
rnax 
76 f t - l b s  
V 
max 
= 127 lbs 
I = 7.56 in 4 
'cornp = 1 . 3  in 
'ten = 1.7 in 
156.83 psi 
205.10 p s i  
'max 
= 218 lbs 
AT SUPPORTS 
Fv = 4 3 6 / 3  
F = 145.33 psi 
v 
STRESS ANALYSIS - OPERATIONAL 
3/8" SUBSTRATE 
LONGITUDINAL 
Fv 17.88 psi 
80 f r - l b s  
'max 
= 135 lbs 
I = 10.42 in 4 
C 
comp 1,3 in 
'ten = 1.7 in 
a 
80 ft-lbe x 12 i n  x 1.3  in 
- 119,77 psi Fb camp 10.42 in4 
t 80 ft-lbs x 1 2  x 1.7 in = 156.62 psi 
Fb ten 10.42 in 4 
TRANSVERSE 
Fv = 2 2 8 l b s / 4 . 5 i n  
Fv a 50.67 p s i  
P 
114 f t - l b s  x 12 x 1.5- 
Fb 7.8 in 4 
F,, = 263.10 psi 
M, lX = 114 ft-lbs 
'max 
= 228 f t - l b s  
I = 7.80in 4 
C = 1.5 in 
AT SUPPORTS 
F = 455/4.5 = 101.10 psi 
v 
fCVO RIB PANEL 
LOAD ON PANEL = 1600 LBS 
PANEL WEIGHT= 240 LBS 
3/8" MATERIAL 
112 PANEL 
160 Fi-LBS 
2 33 268 x -- 160 = 152 
MOMENT 2 -
152 FT-LBS 152 FT-LBS 
3 2 2 
f d (b + 4b x bl + bl ) 
36b + bl 
'cornp = 1.3ff A1 = .I5 x 24 = 6 
I = 8.90 in 4 
'ten = 1.7" A, = 2 ( . 2 5  x 4 . 2 5 )  = 2 . 1 2  
(-15X for irregularities in casting) A3 = - 2 5  x 5 . 7 5  = l.S3 
I = 7.56 in 4 
'total = 9 . 5 5  Fv = 268 I 9 . 5 5  = 28 psi 
Fb canp = 152 x 12 x 1.3 7.56 = 313.65 p s i  
Fb co~np = 152 x 12 x 1.7 $ 7.56 = 410.16 psi 
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